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Abstract. In this paper, the effect of short-term nonthermal exposure to microwave
radiation and pulsed magnetic field (PMF) on photoluminescence characteristics of
SiC/por-SiC/Er,O5 structures has been considered. Analysis of the photoluminescence
spectra of these structures has shown that the changes observed in the spectra under
microwave and PMF exposure are explained by an increase in the migration mobility of
dislocations, which in turn leads to a redistribution of recombination centers in the SiC/por-
SiC/Er,O; structure. The influence of PMF on the processes of redistribution of
recombination centers in the SiC/por-SiC/Er,O;5 structure has been shown more effective
than microwave exposure. The mechanisms of action of both microwave radiation and
PMF are considered to be those leading to increase in the migration ability of dislocations
due to change in the internal state of interacting dislocations and lattice defects.
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1. Introduction

Currently, use of silicon carbide-based structures in
high-power, high-temperature, and high-frequency
devices [1-4] is widely demanded due to high thermal,
radiation, and chemical resistance of silicon carbide.
These properties allow silicon carbide to be successfully
applied in microwave devices, ultraviolet photodiodes,
light emitting diodes (LEDs), and as an element of metal-
insulator-semiconductor (MIS) structures [5].

Reducing the scale of the MIS structure elements
entails use of thin oxide films of rare earth elements as
dielectrics in such structures [6, 7], since such oxides are
characterized by high permittivity values (so-called
high-k dielectrics) [8, 9]. One of these dielectrics is
erbium oxide. A disadvantage of using thin Er,O;
films in MIS structures is mismatch of crystal lattice
parameters of silicon carbide and Er,O; (¢ = 1.005 nm
for Er,O3 and a = 0.491 nm for SiC [10]), which has a
significant impact on the characteristics of the
semiconductor/dielectric interface.

One way to minimize the negative impact of the
lattice mismatch between the film and the substrate is
introducing buffer layers of a porous material. For silicon

carbide — oxide film structures, such a buffer layer is
porous silicon carbide, which can be easily formed on a
crystalline silicon substrate. At the same time,
introduction of porous layers should not lead to changes
in the operation characteristics of SiC/por-SiC/Er,O;
structures, which will largely depend on the properties
of the Er,Os/porous layer interface. It should also be
noted that porous silicon carbide itself is a potentially
attractive material for LEDs, photodetectors, and sensor
devices [2, 5, 11-13].

To reduce the concentration of defect states at the
oxide-semiconductor interface, additional treatments such
as thermal annealing, microwave radiation treatment, and
magnetic field treatment are often used. In particular, it
was shown in [14, 15] that microwave radiation treatment
increases transparency of semiconductor/insulator struc-
tures. As shown in [16], treatment in a magnetic field
also leads to a change in the number of luminescent
centers and the efficiency of radiative and non-radiative
recombination channels in doped semiconductors.

According to [17], the reason for the change in
transparency and photoluminescence (PL) spectra of
oxide film/silicon carbide structures under nonthermal
microwave exposure is an increase in the migration

© V. Lashkaryov Institute of Semiconductor Physics of the NAS of Ukraine, 2026
© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2026

146



SPQOEOQO, 2026. V. 29, No 2. P. 146-152.

ability of dislocations, which in turn leads to redistribu-
tion of emission and absorption centers in these structures.
At the same time, treatment in a pulsed magnetic field
(PMF) also leads to depinning of dislocations and, as a
consequence, to redistribution of defects or recombination
centers in semiconductors [16]. The redistribution of the
defects and recombination centers under the action of
both microwaves and PMF takes place due to the fact that
dislocations begin to move toward the interface under the
action of internal mechanical stresses, entraining the
Cottrell atmospheres with them. Given that both micro-
wave radiation and PMF enhance dislocation migration,
it is of interest to compare the effectiveness of short-term
low-energy microwave radiation and PMF treatment on
oxide film/porous silicon carbide/silicon carbide structures.

In this study, we investigated influence of low-
energy short-term nonthermal microwave and PMF
irradiation on redistribution of impurity-defect states in
4H-SiC/por-SiC/Er,05 structures.

2. Samples and experimental methodology

Porous silicon carbide surface (4H polytype) was
obtained by electrochemical etching in a 1:1 HF:C,HsOH
solution at a current density of 10 mA/cm® for 10 min.
The material was then treated in molten KOH at 550 °C
to open the pores. In the next step, an erbium film was
deposited onto the porous silicon carbide surface by
thermal spraying. The porous SiC structures with the
deposited erbium layers were annealed in vacuum at
800 °C for 8 min. Subsequently, a thin Er,O3 oxide film
was formed on the por-SiC surface by rapid thermal
annealing (RTA) in a dry oxygen atmosphere at 400 °C.
The thickness of the obtained oxide layers determined by
Auger spectroscopy [18] was ~ 100 nm.

Microwave processing was performed in the
operation chamber of a magnetron at a frequency of
f=2.45 GHz and the specific power ~4-10~> W/cm’. The
microwave exposure time was 1 s. The total energy
obtained by the structure during microwave processing
was Epy = 4107 1.

During PMF processing, the structure was placed
inside a solenoid. The interval between pulses was 5 s,
and the pulse duration was ~3-107 s. The solenoid coil
inductance was 11.2 pH, and the specific power of a
single PMF pulse was ~2-10"" W/cm®. The number of the
pulses during PMF processing was 160. The total energy
obtained by the structure during the PMF processing was
Epp=3.8107 1.

PL spectra of the structures were obtained in
backscattering geometry using a Horiba Jobin Yvon
T64000 spectrometer with a confocal microscope and a
cooled CCD detector.

To detect PL associated with radiative recombination
in the por-SiC or por-SiC/Er,O; layer, Ar-Kr laser
radiation with A, = 532.0 nm was used for excitation.
Such choice is caused by the fact that the energy
corresponding to A, = 532.0 nm is Av,, = 2.3 eV, which
is less than the band gap width of crystalline 4H-SiC
(Eg = 3.23 eV, which corresponds to A = 384 nm) [19].
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Fig. 1. Characteristic normalized PL spectra (A, = 532.0 nm)
(solid lines) together with decompositions into individual
bands (dashed lines) of the initial SiC/por-SiC (/) and
SiC/por-SiC/Er,0j5 (2) structures.

3. Experimental results and discussion

Fig. 1 shows PL spectra of the initial SiC/por-SiC and
SiC/por-SiC/Er,05 structures normalized to the band maxi-
mum at A, = 532.0 nm (hv,, = 2.3 eV). At the same time,
it was experimentally confirmed that excitation with
radiation with A, = 532.0 nm (smaller photon energy than
the band gap width of crystalline 4H-SiC, hv,, =2.3 eV <
E, = 3.23 eV), does not induce 4H-SiC luminescence.
Consequently, all the features of the PL spectra shown in
Fig. 1 are caused by the por-SiC or por-SiC/Er,O; layer.

As can be seen from Fig. 1, the PL bands of the
SiC/por-SiC structures have large half-widths and consist
of several individual PL bands with A, = 545 nm,
~600 nm and ~670 nm. The band with A, ~ 545 nm is
associated with carbon fluoride oxide [20], which can be
formed during electrochemical etching of the crystalline
SiC substrate in HF:C,HsOH solution [21]. The band
with Ay.x = 600 nm is probably caused by presence
of cubic silicon carbide (3C-SiC) microcrystallites in
por-SiC [22, 23]. The low-energy PL peak with Ay =
670 nm can be explained by radiative recombination
through some localized states (shallow traps) or donor-
acceptor-pairs (DAP) [24].

It should be noted that, according to [1, 19, 25, 26],
appearance of luminescence of por-SiC upon excitation by
radiation with an energy lower than the bandgap width of
the initial Si carbide polytype (6H-SiC, E, = 3.02 eV, or
4H-SiC, E, = 3.23 €V), is a characteristic feature of por-
SiC luminescence. As was shown in [1, 26], another
feature of the PL from por-SiC is that PL spectra of por-
SiC obtained from different SiC polytypes by anodic
etching have practically the same spectral shapes. In the
literature, this is usually associated with appearance of
3C-SiC crystallites in the porous layer [27] or with
impurity-defect states formed on the por-SiC surface as a
result of chemical reactions that accompany etching of
the initial crystalline silicon carbide surface [1, 24, 27].

Okhrimenko O.B., Kolomys O.F., Strelchuk V.V. et al. Influence of nonthermal effects of microwave and pulsed ...

147



SPQOEOQO, 2026. V. 29, No 2. P. 146-152.

Comparative analysis of the transmission spectra of
the 4H-SiC crystalline substrate and the SiC/por-SiC
structures obtained by anodic etching of 4H-SiC sub-
strate showed no shift in the position of the absorption
edge for the SiC/por-SiC structure relative to that for the
4H-SiC substrate [25].

This allowed us to conclude that appearance of the
PL from the por-SiC at an excitation radiation energy
hve, < E, (4H-SiC) is not associated with formation of an
additional 3C-SiC layer in the por-SiC, since the 3C-SiC
layer should shift the absorption edge of the SiC/por-SiC
structure due to the smaller band gap of the cubic Si car-
bide polytype [21, 28]. Moreover, analysis of the Raman
spectra of 4H-SiC, SiC/por-SiC and SiC/por-SiC/Er,O;
structures carried out in [19] showed that 3C-SiC phase
is present in these structures only as structural defects,
which is characteristic of all silicon carbide polytypes.

Therefore, PL from the por-SiC in 4H-SiC, SiC/por-
SiC and SiC/por-SiC/Er,O5 structures at the excitation
radiation energy Av,, < E, is mainly caused by emission
centers formed by impurity atoms and surface defects that
appear during anodic etching of the crystalline SiC substrate
and subsequent processing that opens pores [19, 25].
Since the process of anodic etching during the formation
of pores in silicon carbide leads to destruction of Si—C
bonds [19, 25], complex compounds (such as oxides and
siloxenes) and Si-H or C-H bonds, as well as C-N
(nitrogen is an uncontrolled impurity in SiC) form in the
porous SiC layer [1]. At the same time, individual
radiative recombination centers in por-SiC can be
associated with structural defects induced by stacking
faults, i.e. 3C-SiC clusters [19, 25].

When an Er,0; film is formed on a por-SiC layer, a
change in the PL spectrum similar to the case of PL
excitation from the SiC/por-SiC/Er,O; structures by radia-
tion with A, = 488.0 nm [19] is observed (Fig. 1). Hence,
formation of the Er,O; film leads to quenching of the
band with A, = 545 nm, and appearance of an additional
band with A.x = 750 nm. The relative intensity of the
band with A, = 670 nm increases and the relative intensity
of the band with A, = 600 nm remains practically
unchanged (Fig. 1). The appearance of the band with
Amax =~ 750 nm in the PL spectrum of the SiC/por-
SiC/Er,0; structure upon deposition of an oxide film can
be associated with radiative recombination at oxygen-
related defects that appear as a result of additional
oxidation of the porous surface of silicon carbide [24].

Fig. 2 shows PL spectra of the initial SiC/por-
SiC/Er,0; structures and after microwave radiation and
PMF exposure, normalized to the band maximum
intensity, together with the spectra decomposition into
individual bands. The excitation radiation energy was
hve, = 2.3 eV < E, (4H-SiC) = 3.23 eV. As can be seen
from the inset in Fig. 2, microwave radiation exposure
leads to an insignificant increase in the intensity of the
band with A, = 670 nm. Weak changes in the PL
spectra of the SiC/por-SiC/Er,O; structures after
microwave radiation exposure as compared to the PL
spectra of the initial structures can be explained by the
very short exposure time of about 1 s.
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Fig. 2. Normalized to the maximum intensity PL spectra
(Aexe = 532 nm, v, = 2.3 eV < E, (4H-SiC) = 3.23 eV) and de-
compositions into elementary bands for the SiC/por-SiC/Er,0;
structures before (/) and after exposure to microwave radiation
(2) and PMF (3). The inset shows normalized PL spectra
(Aexe = 532 nm, hv,, = 2.3 eV < E, (4H-SiC) = 3.23 eV) of the
SiC/por-SiC/Er,O5 structures before (/) and after exposure to
microwave radiation (2).

As shown in [19], microwave irradiation for 5 s
leads to a more significant change in the intensity ratio of
individual bands constituting integrated PL spectra of
SiC/por-SiC/Er,O5 structures and to quenching of the
band with A« = 750 nm, which results in a short-wave
shift of the integrated PL. maximum and a decrease in the
PL spectrum half-width. The authors of [19] attribute this
effect to redistribution of radiative recombination centers
caused by detachment of dislocations from stoppers as
well as to changes in the concentrations of Si-H, C-H or
C-N bonds in the por-SiC buffer layer.

As can be seen from Fig. 2, the effect of PMF on the
SiC/por-SiC/Er, 05 structure consists in a slight broadening
and a shift of the maximum of the integrated PL spectrum
toward longer wavelengths due to a change in the intensities
of elementary PL bands. The relative intensities of the
bands with A, ® 670 nm and = 750 nm increase after
the PMF exposure, and the relative intensity of the band
with A.x = 600 nm decreases. Note that the total energy
obtained by the structure during the PMF treatment is 10°
less than the total energy obtained by the structure during
microwave radiation treatment. However, as can be seen
from Fig. 2, the effect of PMF on redistribution of recom-
bination centers in the SiC/por-SiC/Er,O; structure is more
pronounced than that of microwave radiation exposure.

It is well known that PMF treatment usually leads to
detachment of dislocations from stoppers followed by
their movement in the structure under the action of
mechanical stresses existing in this structure [28, 29].
Such processes are called the magnetoplastic effect in the
literature [28, 29]. Therefore, we associate the changes
observed in the PL spectra of the SiC/por-SiC/Er,O;
structures after the PMF treatment (Fig. 2) with the
processes caused by the magnetoplastic effect.
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The magnetoplastic effect is associated with a
change in the internal state of interacting dislocations and
lattice defects or impurity ions, primarily paramagnetic
centers in non-magnetic crystals under the action of
external magnetic field [28, 29].

According to [28, 29], unsaturated orbitals with
unpaired spins are present in the dislocation cores in
various crystals. Interaction of such orbitals with
paramagnetic impurities leads to formation of radical
pairs (RPs) in singlet (S) or triplet (7) states. Typically,
the S-state is at a lower energy level. Therefore,
detachment of a dislocation from an impurity is defined
by the RP rupture energy in the S-state. In a magnetic
field, intercombination transitions between the S- and 7-
states become possible, leading to an increase in the
population of the T-states of RPs, which have
significantly lower rupture energies, which in turn leads
to an increase in the dislocation mobility. Transitions
between the states with different multiplicities are
possible only at the stage of RP emergence, when the
exchange interaction is weak and the term levels are
practically identical.

In this case, the S-T transitions are a resonant
process [28, 29]. Intercombination transitions occur
either due to the difference in the Zeeman frequencies of
electrons in a pair (Ag mechanism) or due to hyperfine
interaction of electrons with magnetic nuclei. In this case,
structural defects can act as electrically active centers,
which have the character of singly or multiply charged
ionized donors and acceptors [28, 29]. Note that
under the influence of both microwaves and PMFs, the
main effect on the structure is caused by activation of
resonant processes in it. However, in the case of
microwaves, the resonant effect is due to the microwave
resonance with oscillations of the stopper-dislocation
system, while in the case of PMFs, singlet-triplet
transitions in the paramagnetic center act as a resonant
process.

In silicon carbide, uncontrolled nitrogen impurity
often acts as a paramagnetic defect, which can occupy
nonequivalent positions with cubic and hexagonal
symmetry in a lattice [30-34]. Depending on the
polytype, the number of such positions can vary from
two cubic and one hexagonal in 6H-SiC to five
nonequivalent positions in 15R-SiC. Here, N substitutes
for five nonequivalent positions: two hexagonal and three
quasi-cubic ones [30-34]. It was also shown in [30-34]
that nitrogen atoms can substitute both Si and C atoms in
the silicon carbide lattice, forming two types of energy
schemes for nitrogen donor levels. Moreover, two types
of nitrogen donors are assumed in presence of randomly
distributed local stresses in silicon carbide. One type
replaces strained sites and another type replaces
unstrained sites, which leads to appearance of additional
paramagnetic centers [30—34].

As shown in [30-34], even in the absence of a
directed external influence, random fluctuations of the
magnetic field cause spin diffusion due to spin—spin

interaction between N donors and free electrons, which
leads to random excitation of the spin system [30-34].
Due to high sensitivity of the dislocation — paramagnetic
center spin system, influence of PMF initiates spin-
dependent transitions between different levels of nitrogen
impurity, which entails changes in the spin state in the
dislocation — paramagnetic center system. In turn, the
mentioned change in the spin state leads to a short-term
transition of the dislocation — paramagnetic center system
from the bonding to the antibonding state, which
radically changes the system configuration, causing
detachment of dislocations from local defects [28, 29].
Subsequent motion of the dislocations occurs under the
action of internal stress fields in the crystal structure.

It should be noted that the motion of the
dislocations and associated Cottrell atmospheres under
the action of PMF and in the case of microwave
irradiation [17] can lead to redistribution of impurities
and defects in the SiC/por-SiC/Er,O; structure. This
results in a change in the nature of the interimpurity
interaction between the luminescence centers [35, 36]
and a change in the symmetry of the nearest environment
of the impurity atoms in silicon carbide.

As can be seen from the presented results, PMF
treatment is more effective, since the redistribution of the
recombination centers of the SiC/por-SiC/Er,O; structure
by the PMF treatment requires significantly lower total
energy. The total energy obtained by the structure during
the PMF treatment is 10° times lower than the total
energy obtained by the structure during the microwave
radiation treatment. The higher efficiency of the PMF
treatment compared to the microwave radiation treatment
can be explained by the fact that although both
treatments lead to redistribution of recombination centers
in the structure due to resonant interaction, this resonant
effect has different natures.

In the case of microwave exposure, an external
force causes resonant oscillations of the stopper—
dislocation system. The dislocation detachment from the
stopper is caused by a resonant increase in the oscillation
amplitude. Moreover, under microwave radiation
exposure, part of the energy is transferred to the crystal
lattice of the entire structure. It is possible that a part of
the microwave radiation energy may be spent, among
other things, on changing the concentrations of Si-H,
C-H, or C—N bonds in the por-SiC buffer layer and
further oxidation of silicon in this layer [19], since,
according to [37], microwaves can also serve as a
catalyst for chemical reactions.

In the PMF case, the resonant effect that leads to
dislocation detachment from stoppers is the spin conversion
mechanism, which is accompanied by spin-dependent
transition of the dislocation — paramagnetic center system
from the bonding state to the antibonding state due to
intersystem crossings between the S- and 7-states of the
paramagnetic center. In this case, almost all of the IMP
energy is spent on initiating spin-dependent transitions in
the dislocation — paramagnetic center system.
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4. Conclusions

In conclusion, both PMF and microwave irradiation lead

to

redistribution of recombination centers in SiC/por-

SiC/Er,O; structures. At this, PMF irradiation may be
considered more effective. Different efficiencies of the
microwave and PMF irradiation are caused by the fact
that in the former case, resonant processes lead to excita-
tion of the oscillatory subsystem of the entire structure,
whereas in the case of PMF irradiation, the resonant
process is the spin conversion mechanism, which can
occur only in localized regions of the structure.

References

1.

10.

Li F., Roccaforte F., Greco G. etal Status and
prospects of cubic silicon carbide power electro-
nics device technology. Materials (Basel). 2021. 14.
P. 5831. https://doi.org/10.3390/mal14195831.
Matsunami H. Fundamental research on semicon-
ductor SiC and its applications to power electronics.
Proc. Jpn. Acad. Ser. B: Phys. Biol. Sci. 2020. 96.
P. 235-254. https://doi.org/10.2183/pjab.96.018.

Le H.T., Haque R.I., Ouyang Z. etal. MEMS
inductor fabrication and emerging applications in
power  electronics and  neurotechnologies.
Microsyst. Nanoeng. 2021. 7. P. 59.
https://doi.org/10.1038/s41378-021-00275-w.
Papanasam E., Kumar B.P., Chanthini B. efal. A
comprehensive review of recent progress, prospect
and challenges of silicon carbide and its
applications. Silicon. 2022.
https://doi.org/10.1007/s12633-022-01998-9.
Rashid M., Horrocks B.R., Healy N. et al. Optical
properties of mesoporous 4H-SiC prepared by
anodic electrochemical etching. J. Appl. Phys. 2016.
120. P. 194303. https://doi.org/10.1063/1.4968172.
Kahraman A., Deevi S.C., Yilmaz E. Influence of
frequency and gamma irradiation on the electrical
characteristics of Er,Os3;, Gd,0;, Yb,0;, and HfO,
MOS-based devices. J. Mater. Sci. 2020. 585.
P. 7999-8040. https://doi.org/10.1007/s10853-020-
04531-8.

Wu Q., Yu Q., He G. ef al. Interface optimization
and performance enhancement of Er,O;3-based MOS
devices by ALD-derived Al,O; passivation layers
and annealing treatment. Nanomaterials. 2023. 13.
P. 1740. https://doi.org/10.3390/nano13111740.

Das S. (Ed.) 2D Materials for Electronics, Sensors
and Devices Synthesis, Characterization,
Fabrication and Application. Elsevier, 2023.
https://doi.org/10.1016/C2019-0-00305-6.
Dimitrakis P., Valov 1., Tappertzhofen S. (Eds.)
Metal Oxides for Non-volatile Memory: Materials,
Technology and Applications. Elsevier, 2022.
https://doi.org/10.1016/C2017-0-01762-7.
Okhrimenko O.B., Bacherikov Yu.Yu., Lytvyn
P.M. et al. Relationship between oxidation, stresses,
morphology, local resistivity, and optical properties
of TiO,, Gd,0s, Er,0;, SiO, thin films on SiC.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SPOFEO. 2023.26, No 2. P.260-269. https://doi.org/
10.15407/3pqe026.03.260.

Monaico E., Tiginyanu I., Ursaki V. Porous semi-
conductor compounds. Semicond. Sci. Technol.
2020. 35. P. 103001. https://doi.org/10.1088/1361-
6641/ab9477.

Zhang F. SiC: An excellent platform for single-
photon detection and emission. Sci. China Phys.
Mech. Astron. 2022. 65. P. 107331.
https://doi.org/10.1007/s11433-022-1941-5.

Anwar M.S., Bukhari S.Z.A., Ha J.-H. ef al. Con-
trolling the electrical resistivity of porous silicon
carbide ceramics and their applications: A review.
Appl. Ceram. Technol. 2022. 19. P. 1814-1840.
Bacherikov Yu.Yu., Konakova R.V., Kocherov
A.N. et al. Effect of microwave annealing on silicon
dioxide/silicon carbide structures. Tech. Phys. 2003.
48. P. 598—601. https://doi.org/10.1134/1.1576474.
Bacherikov Yu., Konakova R., Milenin V. efal.
Changes in characteristics of gadolinium, titanium,
and erbium oxide films on the SiC surface under mic-
rowave treatment. Semiconductors. 2008. 42. P. 868—
872. https://doi.org/10.1134/S1063782608070191.
Bacherikov Yu.Yu., Vorona I.P., Zhuk A.G. et al.
Photoluminescence properties of ZnS:Mn single
crystal effected by defect drift in electric and pulsed
magnetic fields. J. Lumin. 2018. 204. P. 548-553.
https://doi.org/10.1016/j.jlumin.2018.08.047.
Okhrimenko O.B. Phenomenological model of
athermal interaction of microwave radiation with
the structures wide-gap semiconductor — oxide film.
SPQEO. 2015. 18, No 4. P. 452-455.
https://doi.org/10.15407/spqeo18.04.452.
Bacherikov Yu.Yu., Konakova R.V., Okhrimenko
O.B. et al. Optical properties of thin erbium oxide
films formed by rapid thermal annealing on SiC
substrates with different structures. SPOQEO. 2017.
20, No 4. P. 465-469.
https://doi.org/10.15407/spqe020.04.465.
Okhrimenko O.B., Bacherikov Yu.Yu., Kolomys
O.F. et al. Redistribution of centers responsible for
radiative recombination in SiC/por-SiC and SiC/ por-
SiC/Er,O; structures under nonthermal action of
microwave radiation. SPOQEQO. 2022. 25. P. 355-361.
https://doi.org/10.15407/spqe025.04.355.

Kharin A., Syshchyk O., Geloen A. ef al. Carbon
fluoroxide nanoparticles as fluorescent labels and
sonosensitizers for theranostic applications. Sci.
Technol. Adv. Mater. 2015. 16. P. 044601.
https://doi.org/10.1088/1468-6996/16/4/044601.
Alekseev S., Korytko D., lazykov M. etal.
Electrochemical synthesis of carbon fluorooxide
nanoparticles from 3C-SiC substrates. J. Phys.
Chem. C. 2015. 119, No 35. P. 20503-20514.
https://doi.org/10.1021/acs.jpcc.5b06524.

Wu X.L., Fan J.Y., Qiu T. ef al. Experimental evi-
dence for the quantum confinement effect in 3C-SiC
nanocrystallites. Phys. Rev. Lett. 2005. 94. P. 026102.
https://doi.org/10.1103/PhysRevLett.94.026102.

Okhrimenko O.B., Kolomys O.F., Strelchuk V.V. et al. Influence of nonthermal effects of microwave and pulsed ...

150


https://doi.org/10.3390/ma14195831
https://doi.org/10.2183/pjab.96.018
https://doi.org/10.1038/s41378-021-00275-w
https://doi.org/10.1007/s12633-022-01998-9
https://doi.org/10.1063/1.4968172
https://doi.org/10.1016/C2017-0-01762-7
https://doi.org/%2010.15407/spqeo26.03.260
https://doi.org/%2010.15407/spqeo26.03.260
https://doi.org/10.1088/1361-6641/ab9477
https://doi.org/10.1088/1361-6641/ab9477
https://ceramics.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Anwar%2C+Muhammad+Shoaib
https://ceramics.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Bukhari%2C+Syed+Zaighum+Abbas
https://ceramics.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ha%2C+Jang-Hoon
https://doi.org/10.1134/1.1576474
https://doi.org/10.1134/S1063782608070191
https://doi.org/10.1016/j.jlumin.2018.08.047
https://doi.org/10.15407/spqeo18.04.452
https://doi.org/10.15407/spqeo20.04.465
%20https:/doi.org/10.15407/spqeo25.04.355.
%20https:/doi.org/10.15407/spqeo25.04.355.
https://doi.org/10.1088/1468-6996/16/4/044601
https://doi.org/10.1103/PhysRevLett.94.026102

SPQOEOQO, 2026. V. 29, No 2. P. 146-152.

23.

24.

25.

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

Beke D., Szekrényes Z., Czigany Z. et al. Dominant
luminescence is not due to quantum confinement in
molecular-sized silicon carbide nanocrystals.
Nanoscale. 2015. 7. P. 10982—-10988.
https://doi.org/10.1039/C5NR01204]J.

Lu W., Tarekegne A.T., Ou Y. et al. Temperature-
dependent photoluminescence properties of porous
fluorescent SiC. Sci. Rep. 2019. 9. P. 16333.
https://doi.org/10.1038/s41598-019-52871-6.
Berezovska N.I., Bacherikov Yu.Yu., Konakova
R.V. et al. Characterization of porous silicon carbide
according to absorption and photo-luminescence
spectra. Semiconductors. 2014. 48. P. 1028-1030.
https://doi.org/10.1134/S1063782614080041.

Fan J.Y., Wu X.L., Chu P.K. Low-dimensional SiC
nanostructures: Fabrication, luminescence, and
electrical properties. Prog. Mater. Sci. 2006. 51.
P. 983. https://doi.org/10.1016/j.pmatsci.2006.02.001.
Matsumoto T., Takahashi J., Tamaki T. et al. Blue-
green luminescence from porous silicon carbide.
Appl. Phys. Lett. 1994. 64. P. 226-228.
https://doi.org/10.1063/1.111979.

Guillon O., Elsdsser C., Gutfleisch O. et al. Mani-
pulation of matter by electric and magnetic fields:
Toward novel synthesis and processing routes of
inorganic materials. Mater. Today. 2018. 21. P. 527—
536. https://doi.org/10.1016/j.mattod.2018.03.026.
Che B., Huang L., Xie B., Zhou W. Research
progress on magnetoplastic effects of light alloys
assisted by magnetic field. Trans. Nonferrous Met.
Soc. China. 2025. 35, Issue 11. P. 3533-3560.
https://doi.org/10.1016/S1003-6326(25)66898-1.
Solodovnyk A. ef al. Spin dynamics of exchange-
coupled nitrogen donors in heavily doped n-type
I5R SiC monocrystals: Multifrequency EPR and
EDMR study. Phys. Rev. B. 2023. 107, 155202
https://doi.org/10.1103/PhysRevB.107.155202.
Savchenko D.V. et al. Electrical properties of highly
nitrogen doped 6H SiC monocrystals: microwave
cavity perturbation study. SPOEO. 2023. 26, P.030-
035. https://doi.org/10.15407/spqe026.01.030.
Savchenko D., Kalabukhova E., Shanina B. et al.
EPR, ESE, and pulsed ENDOR study of the
nitrogen donors in 15R SiC grown under
carbon-rich conditions. phys. status solidi (b). 2015.
252. P. 566-572.
https://doi.org/10.1002/pssb.201451452.

Holiatkina M., Solodovnyk A., Laguta O. etal.
Nature of electrically detected magnetic resonance
in highly nitrogen-doped 6H-SiC single crystals.
Phys. Rev. B. 2024. 10, 125205,
https://doi.org/10.1103/PhysRevB.110.125205.
Holiatkina M., Poppl A., Kalabukhova E. ef al. Spin
exchange dynamics in 4H SiC monocrystals with
different nitrogen donor concentrations. J. Appl.
Phys. 2023. 134. P. 145702.
https://doi.org/10.1063/5.0172320.

Matare H.F. Defect Electronics in Semiconductors.
New York, Wiley-Interscience, 1971.

36. Nowick A.S., Berry B.S. Amnelastic Relaxation in
Crystalline Solids. Academic Press, New York and
London, 1972.

Zhou J., Xu W., You Z. et al. A new type of power
energy for accelerating chemical reactions: The
nature of a microwave-driving force for accelerating
chemical reactions. Sci. Rep. 2016. 6. P. 25149,
https://doi.org/10.1038/srep25149.

37.

Authors and CV

Olga B. OKkhrimenko, Doctor of
Sciences, Leading Researcher at the
V. Lashkaryov Institute of Semicon-
ductor Physics, NAS of Ukraine.
Authored over 140 publications, 1
patent, and 1 monograph. Her scien-
tific interests include patterns and
physical mechanisms of formation

=
¥

and rearrangement of defect-impurity systems in thin-
film dielectric-semiconductor structures.
https://orcid.org/0000-0002-7611-4464

Oleksandr F. Kolomys, PhD, Senior
Researcher at the Laboratory of Sub-
micron Optical Spectroscopy, V. Lash-
karyov Institute of Semiconductor
Physics, NAS of Ukraine. Authored
over 130 publications, 3 patents, and
s . w3 textbook chapters. Expertise: Raman
and luminescent microanalysis of light emitting
properties, structure, composition, electronic and phonon
excitations in solids. E-mail: olkolomys@gmail.com,
https://orcid.org/0000-0002-1902-4075

A Viktor V. Strelchuk, Professor,
m Doctor of Sciences, Leading Resear-

frem cher at the Laboratory of Submicron
 Taly Optical Spectroscopy, V. Lashkaryov

Institute of Semiconductor Physics,
’ NAS of Ukraine. Authored over 300
publications, 10 patents, and 6 text-
books. Expertise: physics of semiconductors, Raman and
PL spectroscopy of semiconductors and nanostructures.
E-mail: viktor.strelchuk@ccu-semicond.net,
https://orcid.org/0000-0002-6894-1742

Anton G. Zhuk, PhD in Physics and

m Mathematics, Senior Researcher at
R the V. Lashkaryov Institute of Semi-
_; conductor Physics, NAS of Ukraine.
W Authored 46 publications and 1 pa-
ey tent. His scientific interests include
| photoelectric properties of semicon-
ductors and nanostructured media and development of
elements of electroluminescent and sensory devices.
E-mail: Jook.anton@gmail.com,
https://orcid.org/0000-0002-6940-1836

Okhrimenko O.B., Kolomys O.F., Strelchuk V.V. et al. Influence of nonthermal effects of microwave and pulsed ...

151


https://doi.org/10.1039/C5NR01204J
https://doi.org/10.1134/S1063782614080041
https://doi.org/10.1016/j.pmatsci.2006.02.001
https://doi.org/10.1063/1.111979
https://doi.org/10.1002/pssb.201451452
https://doi.org/10.1063/5.0172320
https://doi.org/10.1038/srep25149
mailto:Jook.anton@gmail.com
https://orcid.org/0000-0002-6940-1836

SPQOEOQO, 2026. V. 29, No 2. P. 146-152.

Zoia V. Maksimenko, PhD in
Physics and Mathematics, Resear-
cher at the Department of lon-beam
kL. Engineering and Structural
”\ = f Analysis, V. Lashkaryov Institute

o et of Semiconductor Physics, NAS of

Yuriy Yu. Bacherikov, Doctor of
Sciences, Leading Researcher at the
V. Lashkaryov Institute of Semicon-
ductor Physics, NAS of Ukraine.
Authored over 300 publications, 6
patents, and 1 monograph. His scien-

et 2  Ukraine. The main direction of tific interests include physics and
her scientific activity is study applications of wide-band semicon-

of semiconductor nanostructures by high-resolution ductor compounds and devices based on them.

X-ray diffractometry in the field of anomalous X-ray E-mail: yuyu@isp.kiev.ua,

dispersion. https://orcid.org/0000-0002-9144-4592

E-mail: ZMaksimenko@gmail.com,

https://orcid.org/0000-0002-3434-3728 Authors’ contributions

Okhrimenko O.B.: key ideas, conceptualization,

Galyna M. Androsiuk, investigation, supervision, writing — original draft.
Researcher at the V. Lashkaryov Kolomys O.F.: Raman and luminescent microanalysis
Institute of  Semiconductor experiments, data analysis.
Physics, NAS of Ukraine. The Strelchuk V.V.: validation, investigation Raman and
area of her scientific interests is luminescent experimental data.
nanomaterials and methods of Zhuk A.G.: pulsed magnetic field treatments,
their investigations. investigation.
E-mail: androsiuk.g@gmail.com Maksimenko Z.V.: visualization, verification, editing.

Androsiuk G.M.: investigation.
Bacherikov Yu.Yu.: key ideas, conceptualization,
investigation, writing — review & editing.

Atepmiunuii BnuiuB HBY Ta iMmy/bcHOro MarHiTHOro moJisi Ha HeHTPH BUNPOMiHIOBAJIbHOI peKoMOiHamii
y crpykrypax SiC/por-SiC/Er,0;

O.b. Oxpimenko, O.®. Konomuc, B.B. Crpeabuyk, A.I'. Kyk, 3.B. Makcumenko, I''M. AHIPOCIOK,
F0.10. Bauepikos

AHoTanisgs. Y wif poOOTI pO3MIITHYTO KOPOTKOYACHWH aTepMidyHMN BIDIMB HaaBucokodactotHoro (HBY)
BUIPOMIHIOBaHHs Ta iMmyiabcHOro MarHitHoro nois (IMII) Ha QoTosoMiHECHEHTHI XapaKTEPUCTHKU CTPYKTYD
SiC/por-SiC/Er,O3. AHani3 cekTpiB (OTONMIOMIHECTICHITil TAKUX CTPYKTYp ITOKa3aB, IO 3MiHH, IO CIIOCTEPIraloThCs Yy
cnekrpax npu BrumBi HBY ta IMII, mosicHIOIOTbCS 30UIBIIEHHSAM MirpaniiiHoi pyx/IMBOCTI IMCIOKAIH, 110, Y CBOIO
4epry, NPUBOJUTH JI0 MEpepo3noainy neHTpiB pexoMOiHauii y crpykrypi SiC/por-SiC/Er,0;. Iloka3ano, mo BrumB
IMITYZIbCHOTO MarHiTHOTO II0JI1 Ha HPOLECH Mepepo3noiry neHTpiB pekomoOinamii y crpykrypi SiC/por-SiC/Er,O; €
Oinbm edexkruBHuM, Hk HBY Brumus. Sk mexanizmu BruuBy sik HBY, Tak 1 IMII po3risgaioTbes MeXaHi3Mu, IO
MIPUBOAATH 10 30UIBIIEHHS MIrpalliifHO 31aTHOCTI ANCIOKAIIINA 332 paxXyHOK 3MiHHA BHYTPIOTHHOTO CTaHY B3aEMOIIFOYHX
MDK COOOO TUCIIOKAIIIH 1 Te(EKTIB IPATKH.

KirouoBi ciaoBa: atepMidHa MIKpPOXBHJIBOBA s, IMIYJIIbCHE MarHiTHE MoJie, QoToxroMiHeceHmis, OydepHuit
MMOPUCTHH Iap, OKCU epOiro, KapOia KpeMHIrO.
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